INTRODUCTION
The variability of the larval development of decapod crustacean, both in development pathways and morphology, has been known for ages (Anger, 2001) . Traditionaly, larval development of brachyuran crabs was considered constant and species-specific, and the appearence of supernumerary stages or abnormal morphologies was considered the result of the effects of the rearing conditions in laboratory (Boyd and Johnson, 1963; Anger, 2001) . Accordingly, those stages had not been found in the field (Knowlton, 1974) . However, in recent years, the importance of the variability of larval development, as a result of species plasticity under unpredictable changes in environmental conditions, was recognized (Anger, 2001 ). In addition, more variability in larval development in the field than in laboratory cultures was observed, at least for species of eucarids, e.g., Makarov and Maslennikov (1981) .
Variations in both developmental pathways and morphology of zoeas and megalopae were described in brachyuran crabs and attributed to the effects of the salinity, temperature, availability, and food quality, e.g., Cancer magister Dana 1852, Armases rubripes (Rathbun, 1897), Chasmagnathus granulatus (Dana, 1851), Scylla paramamosain (Estampador, 1949) (Shirley et al., 1987; Montú et al., 1990; Pestana and Ostrensky, 1995; Cuesta et al., 2002; Gimenez et al., 2004; Zeng et al., 2004) .
The genus Cyrtograpsus (Decapoda: Brachyura: Varunidae) currently has three species of the southwestern Atlantic coast: C. angulatus Dana 1851, C. altimanus Rathbun 1918 and C. affinis (Dana, 1851) (Spivak, 1997; Spivak and Cuesta, 2000) . However, the last two species could be considered as an unique species with high phenotipic and ecological variability (Spivak and Schubart, 2003) . Larval descriptions of the three species were made with material from laboratory cultures (C. angulatus by Rieger and Vieira, 1997 ; C. altimanus by Scelzo and Lichtschein de Bastida, 1978 ; and C. affinis by Spivak and Cuesta, 2000) . The juvenile development of C. angulatus was described by Rieger and Beltrão (2000) . The previous descriptions of C. angulatus and C. altimanus megalopae had errors in a number of conservative characters, making necessary a detailed reexamination of their morphology.
C. angulatus is an inter-and subtidal species that can penetrate in estuarine habitats. Large numbers of crabs can be found in muddy zones of the Mar Chiquita coastal lagoon . In this population, reproduction occurs inside the lagoon, but larvae, as zoea 1, are exported to the adjacent sea and re-enter as megalopae .
In the present study, additional information is provided on morphological features and setation pattern of the megalopal and first crab stage of Cyrtograpsus angulatus from field-collected material, and the presence of anomalous first crab stage in varunid crabs is reported and discused.
MATERIAL AND METHODS
Megalopae of Cyrtograpsus angulatus were collected in Mar Chiquita coastal lagoon, Buenos Aires, Argentina (378609S) during the recruitment seasons of 1999, 2000, and 2001 with ad hoc collectors . After collection, megalopae were transported alive to the laboratory, and maintained in an aquarium at 208C and 23 PSU. The salinity was manteined by periodic dilution of filtered natural sea water with deionized water. This water conditions are representative of the prevalent temperature and salinity in the study area in summer Martos and Reta, 1997; Marcovecchio et al., 1997) . Every two days, water was changed and Artemia sp. nauplii was offered as food ad libitum. Megalopae were checked for mortality and moults daily. Specimens of the megalopa and first crab stage were preserved in 4% formaldehyde. Some megalopae collected during the three reproductive seasons moulted to an anomalous first crab stage (AFCS) and several of these crabs were preserved too. There was not a relationship between the time passed by megalopae in the laboratory and the appearance of AFCS; in fact, some of the megalopae moulted to AFCS in the way from the field to the laboratory (ca. 309). An additional individual culture was made to investigate the viability of the AFCS.
Specimens were transferred to 25 ml flasks and cultured at 208C, 23 PSU and 8/16 h (L/D) photoperiod. Artemia sp. nauplii were offered as food ad libitum daily, with the change of water. During field sampling, one anomalous first crab stage of Chasmagnathus granulatus was found on the ad hoc collectors, transported to the laboratory, and reared until it moults to the second crab stage.
Specimens were dissected under an Olympus SZ40 stereomicroscope. Measurements and drawings were made using an Olympus CH30 compound microscope equipped with a camera lucida. The following measurements were made with a micrometer eyepiece (403): rostral width (RW), as the maximum width of the rostrum, carapace width (CW), as the maximum width and carapace length (CL), from the rostrum tip to the posterior margin. Differences between mean values of normal and anomalous first crab stage measurements were tested by t-test. Drawings and measurements were based on five and ten specimens per stage respectively, except for anomalous first crab stages. Descriptions were arranged according to the standard proposed by Pohle and Telford (1981) and Clark et al. (1998) . When setation varies among specimens, the higher value was indicated in the description of several appendages: scaphagnathite of maxilla and coxa þ basis of 3 rd maxilliped of megalopae; coxal and basial endite of maxillule, scaphagnathite of maxillae, coxa, basis, exopod and epipod of 1 st and 3 rd maxillipeds of first crabs. Samples of megalopa, first crab stage and anomalous first crab stage are deposited in the Museo Argentino de Ciencias Naturales ''Bernardino Rivadavia.''
RESULTS

Cyrtograpsus angulatus Dana 1851
Megalopa 1c, 1d, 1e, 1f, 1g, 1h, 1i, 1j, 2k, 2l, 2m Carapace ( Fig. 1a-b ).-Longer than broad, CL/CW ¼ 1.30 (Table 1) . Rostrum ventrally deflected with 2 lateral low protuberances at base, RW/CW ¼ 0.35 (Table 1) . Surface setose as figured, posterior margin with 2 groups of setae.
Antennule (Fig. 1c ).-Peduncle 3-segmented with 5 simple (showed only one in Fig. 1c ), 3 simple, and 1 simple þ 1 plumose (distal) setae respectively. Endopod unsegmented with 1 subterminal apically plumose and 3 terminal simple setae. Exopod 4-segmented with 0, 10 (arranged in two tiers), 8 (arranged in two tiers) and 5 aesthetascs, and 0, 0, 1 and 1 long plumose setae, respectively. Antenna (Fig. 1d ).-Peduncle 3-segmented, with 2, 2, 2 simple setae. Flagellum 7-segmented with 0, 0, 4 (simple), 1 (long plumodenticulate), 4 (1 simple þ 3 long plumodenticulate), 3 (1 simple þ 2 long plumodenticulate), and 3 (1 short simple þ 1 long simple þ 1 long plumodenticulate) terminal setae, respectively.
Mandible (Fig. 1e ).-Enlarged medial molar process ending in small teeth in each tip, small lateral process bearing one teeth. Palp 2-segmented; 8 plumodenticulate setae on distal segment.
Maxillule (Fig. 1f ).-Coxal endite with 4 subterminal and 4 terminal plumodenticulate setae and 5 proximal sparsely plumose setae. Basial endite with 21 subterminal and marginal plumodenticulate setae and 3 proximal sparsely plumose setae. Endopod 2-segmented, proximal segment with 1 simple subterminal and 1 plumose proximal setae, distal segment with 2 subterminal and 2 terminal simple setae. Protopod with 2 sparsely plumose setae.
Maxilla (Fig. 1g ).-Coxal endite bilobed with 6 sparsely plumose setae þ 12 plumodenticulate and 3 (inner) sparsely plumose setae. Basial endite bilobed with 6 terminal plumodenticulate and 3 terminal simple setae with blunt tip and 1 proximal plumose setae on proximal lobe and 6 terminal plumodenticulate, 4 terminal simple setae with blunt tip and 1 proximal plumose setae on distal lobe. Endopod unsegmented, with 2 marginal plumose setae on outer margin. Scaphognathite with 58 plumose marginal setae and 5 (3 þ 2) inner sparsely plumose setae.
First Maxilliped (Fig. 1h ).-Coxa with 8 terminal and 9 subterminal plumodenticulate setae and 2 proximal simple setae. Basis with 11 terminal and 3 subterminal plumodenticulate setae. Endopod unsegmented with 2 terminal sparsely plumose setae and 1 simple setae. Exopod 2-segmented, proximal segment with 2 terminal plumose setae, distal segment with 6 long terminal plumose setae. Epipod with 11 long sparsely denticulate setae and 1 long sparsely plumose setae.
Second Maxilliped (Fig. 1i ).-Coxa and basis not differentiated with 2 plumose setae. Endopod 5-segmented, ischium unarmed, merus with 1 terminal sparsely plumose setae, carpus with 1 subterminal sparsely plumose setae, propodus with 3 subterminal sparsely plumose and 2 terminal plumodenticulate setae, dactylus with 4 subterminal plumodenticulate and 4 terminal plumodenticulate cuspidate setae. Exopod 2-segmented, proximal segment with 2 short plumose setae and distal segment with 5 longer terminal plumose setae. Epipod with 4 sparsely denticulate setae.
Third Maxilliped (Fig. 1j ).-Coxa and basis not differentiated, with 36 sparsely plumose and plumose setae. Endopod 5-segmented, ischium, merus, carpus, propodus and dactylus with 17, 11, 8, 11 and 11 sparsely plumose or plumodenticulate setae, respectively, as figured. Exopod 2-segmented, proximal segment with 2 short and 1 long proximal plumose setae, and distal segment with 1 subterminal and 4 terminal long plumose setae. Coxa-epipod joint indistinct. Epipod elongated with 18 sparsely denticulate setae.
Pereiopods ( Fig. 2a-f ).-All segments well differentiated. Propodus of pereiopods 2-4 with a long terminal inner spine. Propodus of pereiopod 2-4 with 2 ventral spines. Dactylus of pereiopod 5 with 3 terminal long serrate setae.
Pleon (Fig. 2l ).-Six somites present. Somites, proximally to distally with 12-16-18-16-12-8 simple or plumose setae as shown.
Pleopods ( Fig. 2g-j ).-Exopods 1-4 with 20, 20, 19, and 18 long marginal plumose natatory setae, respectively, on distal segments. Endopods 1-4 with 3 cincinuli on inner margin respectively.
Uropods (Fig. 2k ).-Without endopod, exopod with 10 natatory setae on distal segment and 1 on proximal segment.
Telson (Fig. 2l ).-Squared in shape, with 10 simple setae as figured.
Sternal plate (2m).-Setation as figured.
First crab Figs. 3a, 3b, 3c, 3d, 3e, 3f, 4a, 4b, 4c, 5a Carapace (Fig. 3a) .-Quadrate, CL/CW ¼ 0.99 (Table 1) . Frontal margin rounded and denticulated, RW/CW ¼ 0.40 (Table 1) . Anterolateral margin with 3 teeth and strongly denticulated. Surface setose as figured.
Antennule (Fig. 3b ).-Peduncle 2-segmented with 4, 4 simple setae respectively. Endopod unsegmented with 3 proximal and 3 terminal simple setae. Exopod 4-segmented with 0, 8 (arranged in two tiers), 8 (arranged in two tiers) and 4 aesthetascs, and 0, 0, 1 and 1 simple setae, respectively. Antenna (Fig. 3c ).-Peduncle 3-segmented, with 8, 3, 3 plumose and simple setae respectively. Flagelum 7-segmented with 0, 0, 4, 1, 5, 3, 3 (terminal) simple, plumose and plumodenticulate setae, as showed, respectively. Mandible (Fig. 3d ).-Shape like scoop, cutting edge smooth with small denticules. Palp 2-segmented; 1 plumose setae on proximal segment, 3 proximal plumose setae and 13 marginal plumodenticulate and plumose setae on distal segment.
Maxillule (Fig. 3e ).-Coxal endite with 4 terminal plumodenticulate cuspidate setae, 2 sparsely plumose setae and 21 simple setae. Basial endite with 26 subterminal and terminal plumodenticulate setae, 1 subterminal and 3 proximal sparsely plumose setae. Endopod 2-segmented, proximal segment with 1 short and 1 long sparsely plumose setae, distal segment with 2 proximal and 2 terminal plumose setae. Protopod with 4 sparsely plumose setae. Maxilla (Fig. 3f ).-Coxal endite bilobed with 8 sparsely plumose setae þ 16 (3 inner) sparsely plumose and 6 simple setae. Basial endite bilobed with 4 terminal plumodenticulate and 7 terminal simple setae with blunt tip and 1 subterminal plumose setae on proximal lobe and 5 terminal plumodenticulate, 11 terminal simple setae with blunt tip and 1 short, 1 long subterminal and 1 long proximal plumose setae on distal lobe. Endopod unsegmented, with 3 marginal plumose setae on outer margin. Scaphognathite with 66 plumose marginal setae and 16 inner plumose setae. First Maxilliped (Fig. 4a ).-Coxa with 13 terminal plumodenticulate setae, 14 terminal and marginal sparsely plumose setae and 3 inner sparsely plumose setae. Basis with 15 terminal and marginal plumodenticulate setae, 4 terminal plumose setae and 5 marginal and inner sparsely plumose setae. Endopod unsegmented with 5 terminal simple setae and 13 subterminal and marginal sparsely plumose setae. Exopod 2-segmented, proximal segment with 3 proximal and 4 distal plumose setae, distal segment with 6 long terminal plumose setae. Epipod with 5 proximal and 25 distal long sparsely denticulate setae.
Second Maxilliped (Fig. 4b ).-Coxa and basis not differentiated with 3 sparsely plumose setae and 3 plumose setae. Endopod 5-segmented, ischium, merus and carpus with 6, 9 and 1 plumose and sparsely plumose setae, propodus with 5 sparsely plumose and 3 plumodenticulate setae, dactylus with 5 sparsely plumose and 9 plumodenticulate cuspidate setae. Exopod 2-segmented, proximal segment with 23 short and long plumose setae and distal segment with 5 longer terminal plumose setae. Epipod with 11 long sparsely denticulate setae.
Third Maxilliped (Fig. 4c) .-Coxa and basis not differentiated, with 75 sparsely plumose and plumose setae. Endopod 5-segmented, ischium, merus, carpus, propodus and dactylus with 35, 16, 13, 14 and 14 sparsely plumose or plumodenticulate setae, respectively, as figured. Exopod 2-segmented, proximal segment with 16 short and 1 longer plumose setae, and distal segment with 1 subterminal and 5 terminal long plumose setae. Coxa-epipod joint indistinct. Epipod elongated with 40 sparsely denticulate setae.
Pereiopods (Fig. 4d ).-All segments well differentiated. Cheliped and pereiopods setation as figured.
Pleon (Fig. 5a ).-Six somites present (five showed). Setation as figured.
Pleopods (Fig. 4e ).-Bilobed, endopod rudimentary, the size decreases from second to fifth. Uropods (Fig. 4e ).-Rudimentary.
Telson (Fig. 5a ).-With marginal setae, as figured.
Sternal plate (5a).-Setation as figured.
Anomalous first crab Fig. 5b Several specimens of Cyrtograpsus angulatus had the essential features of ''normal'' first crab but exhibited the following differences: carapace significantly longer (t ¼ 2.44, P , 0.05), thus form is slightly longer than broad and CL/CW ¼ 1.06 (Table 1) ; rostrum narrower (t ¼ 3.9, P , 0.001), so RW/CW ¼ 0.39 (Table 1) ; ocular peduncles parallel and directed forward; they were never seen retracted into the orbits (Fig. 5b) . Most of this specimens molted to a normal and viable second crab stage.
Chasmagnathus granulatus Dana, 1851
Normal and anomalous first crabs Figs. 5c, 5d
Similar differences in the ocular peduncles were observed between normal and anomalous first crabs of C. granulatus (Fig. 5c, d) . Most of the anomalous specimens also molted to a normal and viable second crab stage.
DISCUSSION
Descriptive Comparison The megalopae examined during this study are apparently larger than those described by Rieger and Vieira (1997) and differed in regard to several aspects of the morphology. These authors did not include larval mea- surements in their descriptions, but CW, CL and RW may be estimated from the drawing of the megalopa: 0.73 mm, 1.0 mm and 0.30 mm, respectively. The morphology differed in the setation of almost all the appendages examined ( Table 2 ). The setae of the abdominal somites 1-5 and telson were not described by Rieger and Vieira (1997) .
The first crabs examined during this study are also larger than those described by Rieger and Beltrão (2000) : CW ¼ 1.49 mm; CL ¼ 1.51 mm. They also differed in regard to several aspects of the morphology (Table 3) .
Some of the differences between our observations and those of Rieger and Vieira (1997) and Rieger and Beltrão (2000) are normally found not only between populations, but also within congeneric species (size, setation of carapace, antennule, and pleopods). However, other differences (number of setae of maxillar endopod and of second and third maxilliped exopod, presence of serrate spine in the propodus of the fourth pereiopod), which are normally consistent with differences noted at higher taxonomic levels like genus, are probably mistakes in the previous descriptions. Some inconsistences between species of Cyrtograpsus (the number of setae of the basal segment of the antennular peduncle, of the third segment of antennal flagellum and of the scaphagnathite inner setae, Table 2 ), several inconsistences at a suprageneric level (the number of setae of the coxal endite of maxillae and of the basal segment of the exopod of the 1st maxilliped; Table 2 and Cuesta et al., 2002) , and the lack of description of several structures of Cyrtograpsus altimanus by Scelzo and Lichtschein de Bastida (1978) (number of setae of the abdominal somites and telson; Table 2 ) indicates the necessity of a redescription of the larval development of C. altimanus and zoeal stages of C. angulatus.
The megalopae of four varunids of the southestern Atlantic (Chasmagnathus granulatus, Cyrtograpsus angulatus, C. affinis, and C. altimanus) may coexist at several locations along the distribution range of these species. All these larvae are similar, but they may be distinguished after a detailed morphological analysis. Chasmagnathus granulatus differs from Cyrtograpsus spp. in the number of aesthetascs of the segments 2 and 3 of the antennular exopod, in the number of setae of the basal segment of the antennal peduncle, of the coxal and basial endites of the maxillule, of the epipod of the third maxilliped, and by the segmentation of the maxillular expopod. Cyrtograpsus angulatus differs from the other two species of Cyrtograpsus in the number of aesthetascs of segments 2 and 3 of the antennular exopod, the number of setae of the distal segment of mandibular palp, the epipod of the first maxilliped, the coxa þ basis of the second maxilliped, the proximal segment of the exopod of the second maxilliped, the epipod of the second maxilliped, and of the coxa þ basis of the third maxilliped. The differences between C. affinis and C. altimanus are subtle, as it was described by Spivak and Cuesta (2000) ; in fact, it was suggested that both species are two forms of a single species with a high ecological and phenotypic plasticity (Spivak and Schubart, 2003) .
In spite of the limitations imposed by the necessity of redescribing the morphology of C. altimanus megalopae, a key for identify the megalopae of the four varunids of the Southwestern Atlantic, is now proposed. Unfortunately, most of the characters that difference these megalopae are visible after dissection: Anomalous First Crabs The occurrence of developmental alternative patterns in grapsoid crabs, including supernumerary zoeal stages and megalopal morphological anomalies, was observed in laboratory cultures and in field collections, and has been explained as a plastic response to stressfull environmental conditions (Cuesta et al., 2002, and references therein) . Several aspects of the anomalous C. angulatus and C. granulatus first crabs described in the present paper are remarkable. First, since many of them were found in the field or moulted immediately after arriving to the laboratory, they were not a consequence of laboratory larval culture. Second, all of them showed a similar pattern of variation. Third, they moulted successfully to a healthy second crab in the safe laboratory environment.
The anomalous first crabs of Cyrtograpsus angulatus and Chasmagnathus granulatus differ from normal first crabs only in carapace shape and the orientation of the ocular peduncles. The absence of other morphological differences, e.g., appendage form and setation, suggest that the Table 3 . Comparison of morphological features and setation formulae of the first crab of C. angulatus between Rieger and Vieira (1997) and this paper. Abbreviations: as in Table 2 . Rieger and Vieira (1997) This appearance of these odd specimens may be a consequence of failures at ecdysis rather than a consequence of developmental plasticity. Three critical points have been described in the molting cycle of larval decapods: 1) the point of no return, 2) the point of reserve maturation (D 0 threshold) and 3) the exuviation threshold (reviewed by Anger, 2001 ). These critical points, in fact, appeared also in the molting cycle of juvenile decapods as well. Refering specifically to the exuviation threshold, Anger (Anger, 2001 ) wrote: ''As a typical but unspecific syndrome of stress, many larvae do not succeed in stripping off the complete exuvia; such ''crippled'' individuals are usually deemed to die later, as they cannot eat, swim and grow normally''. During ecdysis, the old cuticle of decapods ruptures between the carapace and the pleon, where the individual begins to draw itself out of the old exoskeleton (Anger, 2001) . Consequently, the ultimate body structures to be separated from the exuvia are probably the cephalic appendages and the eyes, and usually larvae and juvenile that have died because of molting failure have their old carapaces attached only to the frontal region of the new ones (personal observation). We speculate that the anomalous first crab had a complete, but defective, ecdysis.
The appearance of abnormal larval specimens in laboratory cultures is well known by carcinologists and they are usually not included in morphological descriptions. Larval mortality is the most frequently reported effect of environmental stress on development and molting in labortatory studies, e.g., pollutants (McKenney, 2005) , and abnormal morphologies and/or behaviors were sometimes mentioned. However, the pathological morphologies associated with the exposure to these environmental stress were rarely described (but see López Greco et al., 2000) . Moreover, the morphology of abnormal juvenile stages (specifically, first crab) found, not only in the laboratory but also in the field, have not been described so far.
In the laboratory, where the environmental conditions are near the optimum, this crabs could survive, move and eat, and successfully molt to the next stage. The possibility of reverting morphological abnormalities after molting by decapod larvae was reported recently for the first time (López Greco et al., 2000) and this paper is the first report of this phenomenon in juvenile crabs.
In the field, however, the survival of these anomalous crabs would be difficult. Since megalopae and juvenile semiterrestrial crabs have visually directed movements (Díaz et al., 1995) , vision may also help them to detect dangers such as predators (Cannicci et al., 2002) . The existence of two patterns in the visual system of terrestrial and semiterrestrial crabs has been suggested: 1) Ocypodidae and Mictrydae are ''narrow-fronted'' species, and 2) Xanthoidea and Grapsoidea are ''broad fronted'' species (Zeil et al., 1986) . The wide eye separation of the latter group, that includes C. angulatus and C. granulatus, could enhance binocular stereopsis. The eyes are directed forward and upward in anomalous crabs (Fig. 6 ) so they are less separated that in normal specimens. Consequently, anomalous crabs could have a reduced binocular stereopsis or other visual abilities. The abnormal orientation of eyes could be a serious impediment to survival. 
